This paper reviews work done of the influence of non-ideal surface topography on electron spectral intensities of surface-sensitive electron spectroscopic methods: primarily X-ray induced photoelectron spectroscopy (XPS) and concise Auger electron spectroscopy (AES), electron energy loss spectroscopy in the reflection mode (REELS), and elastic peak electron spectroscopy (EPES). Several attempts to solve the problem are mentioned, where (i) the effect of surface roughness is corrected using a single parameter, (ii) computer simulations based on a model of surface roughness composed of regular geometrical units are used for electron spectral intensity calculations, and finally, (iii) a semi-empirical method based on careful surface mapping of analyzed sample by atomic force microscopy (AFM) is discussed in greater detail. The first approach was found to be rather simple to properly include any complex surface topography. The second technique can help us to understand surface topography related phenomena. The latter method, suitable for arbitrary rough solid surfaces covered by conformal overlayer(s), can be incorporated in current quantitative procedures valid for ideally flat surfaces.
Introduction
There are numerous definitions of surface roughness. One of them, quite general, states that roughness is natural state of surfaces or roughness of a surface is a measure of its lack of order. 1 Another one tells us that roughness is any deviation from an ideally flat surface. 2 The latter definition, used hereafter in the present review, means that the surface roughness should be considered from the dimension of an atom (adsorbed on or missing in an atomically flat surface) to macroscopic dimensions of individual rough features.
As it has been known for a long time, surface roughness influences the results of surface and interface analysis carried out by a number of physical methods, particularly by highly surface-sensitive electron spectroscopy methods. The measured spectral intensities are more or less influenced by the real sample surface topography, while theoretical models used for quantification assume an ideally flat solid surface. The problem occurs in angular-resolved X-ray induced photoelectron spectroscopy (ARXPS), Auger electron spectroscopy (AES), electron energy loss spectroscopy in reflection mode (REELS), and elastic peak electron spectroscopy (EPES). All of the above methods are hardly substitutable in qualitative and quantitative analysis of solid surfaces. They reflect the atomic and electronic structure of the analyzed surfaces and a relatively shallow depth region behind them. 3 Moreover, EPES in combination with Monte Carlo (MC) calculations of electron trajectories in a solid is currently used for determining the electron transport parameter, 4 inelastic mean free paths (IMFP), which is the key parameter required for any quantitative analysis in electron spectroscopy, and for related theoretical calculations of electron transport and non-destructive concentration depth-profiling. 5 REELS spectra can be used for determining the dielectric properties [6] [7] [8] of analyzed surfaces. This application is generally highly desirable, and particularly when objects under analysis possess nanometric dimensions.
Fadley et al. 2 have elucidated the theoretical background, leading to a basic understanding of the effect of surface roughness on the spectral intensity. They considered two of the following effects governing the spectral intensity changes caused by non-ideal surface topography: the true electron emission angles and shadowing produced by incidence and emission beams. The former effect arises from non-isotropic electron emission or non-isotropic electron elastic scattering in electron spectroscopy methods. The shadowing is a pure geometric effect that hinders homogeneous irradiation of the analyzed surface by an incident beam and that hinders electron emission from shadowed areas of the surface in the direction of the entrance slit. Both effects are discussed in detail below. A question remains, however, how to take into account these two effects for quite complex and diverse solid surface topographies?
In the present review, we try to find an answer to the above question for surface-sensitive electron spectroscopy methods generally. Nevertheless, we are concerned about the influence of surface roughness on the spectral intensity in ARXPS because of the number of articles dealing with the influence of surface roughness on photoelectron intensities. On the other hand, other electron spectroscopy methods, e.g., AES, REELS, and EPES, are less represented in the literature in the present context, and are briefly discussed with respect to the surface roughness.
First, in Sec. 2, we shortly recapitulate the description of surface roughness by using several statistical parameters, functions, and surface roughness characterization by up-to-date atomic force microscopy (AFM). In Sec. 3 we recall experimental evidence illustrating the surface roughness effects on the electron spectra. In addition, a simple theory of photoelectron intensities within the strait-line approximation (SLA) model valid for ideally flat surfaces is applied for a homogeneous semi-infinite sample and a sample covered by an overlayer. Calculated spectral intensities and their angular dependencies will be used hereafter for a comparison with the measured data. Next, an attempt to solve the surface roughness problem by using a single parameter correction is mentioned following computer simulations of photoelectron intensities from solid surfaces with a model surface roughness composed of regular geometrical units. Eventually, a semi-empirical method exploiting AFM mapping of analyzed surfaces is described and discussed in greater detail.
Description and Characterization of Rough Surfaces
Due to many physical and chemical effects associated with surface formations and various surface treatments, real surface topographies are very complex and diverse. Therefore, statistical methods seem to be appropriate for characterizing surface roughness using a lot of parameters, such as widely known and frequently used root-mean-square (rms) of heights and statistical functions, which yield arrays of numerical information about a given surface. Surface roughness can be characterized by a number of experimental techniques, e.g. optical, electrical and mechanical methods. At present, the most popular are stylus methods, particularly AFM, which attains atomic resolution.
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2·1 Parameters and statistical functions
Numerous parameters have been introduced in various fields of science and technology to characterize specific features of surface roughness. 1, 10, 11 Here, we mention only four of them, which are useful for further discussion.
If z = f(x) is a 2-dimensional surface roughness profile measured from a reference mean line determined from the condition that the total area of the material-filled profile above the reference mean line equals the total area of voids below the line, z the vertical ordinate, and x the coordinate in the surface plane along the profile length, L, then the mean departure of the profile from the reference line, Ra,
Probably the most familiar parameter also used often for surface roughness characterization in papers dealing with electron spectra is the rms of height, Rq, also defined relative to a mean line,
The next important parameter is the average slope of rough features, Rs,
and the rms slope,
More complex statistical descriptions of the properties of rough surfaces may be obtained from statistical functions based on random process theory. We mention two of them here, the power spectral density (PSD) and the autocorrelation function (ACF). Details and further information about these functions can be found elsewhere. 1, 10, 11 The PSD function decomposes the surface profile into its Fourier component wavelengths,
The ACF function represents the overlap or correlation between the shifted and unshifted profiles by the distance τ,
Both ACF and PDS are useful functions for recognizing the relative degree of periodicity and randomness in surface profiles.
2·2 Surface roughness characterization
Among a number of methods, AFM is one of the most important techniques for measuring surface roughness due to its widespread use in science and in various technical areas, and particularly due to its intersection into the nanoscale region. 9 The method facilitates a detailed description of surface topography, ideally from single-atom steps to full three-dimensional mapping of relatively rough technical surfaces. In addition, up-to-date equipment is provided with statistical software that facilitates advanced data processing. Therefore, AFM is advisable and is a widely used technique for characterizing surface roughness also in the field of electron spectroscopy. An example of an AFM map is presented in Fig. 1 .
Rough Surfaces and Surface-sensitive electron Spectroscopy
In this section we begin by mentioning experimental work that indicates the influence of surface topography on the measured spectral intensity; we then recall the reasons for this effect, and subsequently give a short description of a solution proposed by several groups for XPS/ARXPS.
3·1 experimental evidence
The influence of surface topography on electron spectral intensity has been indicated since the early days of various electron spectroscopy methods. The most frequently published evidence is associated with XPS and ARXPS, [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] followed by AES, [27] [28] [29] REELS, 30, 31 and EPES. [32] [33] [34] [35] Below, several examples are mentioned for an illustration. The influence has been particularly well visible when electron spectra are recorded under different angles of incidence and/or different emission angles. In such cases, we easily compare the measured angular dependencies with a theoretical prediction received within a simplified model valid for ideally flat surfaces, at least qualitatively. Figure 2 compares two measured angular dependencies of the relative Si 2p peak areas recorded from flat and corrugated silicon surfaces covered by a native silicon oxide film, thus from two samples that are similar in composition. Note, that the dependence measured from the corrugated surface is almost constant in the whole measured angular interval, showing no surface sensitivity enhancement at grazing emission angles. Consequently, qualitative and quantitative differences between the plots lead to a systematic error in the overlayer thickness estimation, and to a failure of non-destructive concentration depth profiling calculated from angular-resolved data.
In AES, it is sufficient to move the narrow electron beam across a sample surface with changing local surface topography and to record the signal intensity. For example, the nanometer lateral electron probe size was used by van Agterveld et al. 29 to record peak-line profiles from a sputter-cleaned Al and Al-Mg alloy that captured surface topography variations down to nanometer-length scales. In REELS, as shown by Strawbridge et al., 31 the surface topography strongly influences the intensity of the plasmon spectra. Smooth Al films with <1 nm rms of height predominantly exhibited surface plasmon peaks. Both surface plasmons and bulk plasmons were recorded from an Al film with an rms 3.5 nm in height. Finally, Al surfaces with >5 nm rms in height yielded only bulk plasmon peaks. The spectra of elastically backscattered electrons seemed to be less sensitive to the surface roughness. 34, 35 Later detailed studies have showed, 32, 33 however, that the low sensitivity was caused by the experimental geometry used, particularly by the electron-beam incidence angle along the surface normal associated with a favorable type of roughness, minimizing the effect of shadowing. Therefore, all of the above-mentioned electron spectra are generally influenced by the surface roughness.
3·2 Photoelectron intensities from flat surfaces
Let us consider XPS spectra recorded from a flat, homogeneous semi-infinite sample. Then, the signal electron intensity, Ix, calculated within the SLA model (electron elastic scattering neglected) for clearness is usually expressed by
where T is the transmission of the analyzer, D the detector efficiency, A the analyzed area, Fx the flux of incident X-rays, ΔΩ the solid acceptance angle of the analyzer, M the atomic density (the number of all atoms per unit volume), λ the IMFP of signal electrons, x the atomic fraction of the analyzed element, and ds/dΩ the photoelectric cross section. For unpolarized radiation and a random orientation of atoms or molecules, the cross section is given by where sx is the total photoelectric cross section, β the asymmetry parameter, and Ψ the angle between the X-ray direction and the analyzer axis. Now let us consider a slightly complicated sample structure consisting of a uniform overlayer with a thickness on the order of a few nanometers on a semi-infinite flat substrate. An XPS spectrum of such a system will show peaks related to both the overlayer and the substrate. Then, the photoelectron intensity Io from an overlayer and Is from a substrate reads,
where Io` and Is` denote the corresponding intensities from sufficiently thick (semi-infinite) material of the overlayer and the substrate, described by Eqs. (7) and (8); t is the thickness of the overlayer, a the emission angle measured from the surface normal and λ the IMFP of photoelectrons from an overlayer, λo, or from a substrate, λs, passing through the overlayer. Note that the ratio Io/Is is frequently used for an overlayer thickness estimation,
From Eqs. (7) - (11) one can see that the signal intensity is directly influenced by the emission angle, a. We now explain the term "true emission angle". In the case of a corrugated surface and, simultaneously, at a given position of an electron analyzer and a sample, angle a will vary locally (according the point position where an electron leaves the surface) following the shape of an individual protrusion, because it is measured from the normal to the local surface. As a consequence, the measured intensity from the rough surface integrates the signal electrons from various local emission angles that are able to enter the analyzer (see Fig. 3 for an illustration).
Shadowing is another important source of changes of measured spectral intensities from rough surfaces, which further complicates the solution. Shadowing can be created by both a primary (exciting) beam and by signal electrons escaping the surface. Shadowing by X-rays in XPS is effective for macroscopically rough surfaces, where the attenuation length of the exciting beam (typically in the μm range for soft X-ray) is comparable to or lower than the rms of height. Otherwise, it can be neglected. For electron excitation beams their shadowing has to be considered, because low and medium energy electron beams with an IMFP in the nm range are frequently used for measurements of AES, EELS, and EPES spectra. Shadowing of signal electrons is particularly important from the same reason, and individual rough features may effectively prevent electrons from entering the analyzer (Fig. 3) . In other way, the analyzer entrance slit cannot be seen from all parts of the surface under analysis. Shadowing is even more effective for grazing incidence and emission angles, provided the rough individual features are mostly oriented vertically close to the global surface normal (Fig. 3) .
As already shown by Fadley et al., 2 the influence of surface roughness on spectral intensity is expected to be weak, or even negligible for homogeneous semi-infinite samples. For real solid surfaces, where elements present on the surface possess some depth-distribution, e.g. an overlayer/substrate sample, the influence may be rather strong, and the analysis may erroneously be considered to be unreliable. 37 The problem is easily illustrated in Eqs. (9) - (11), where the signal intensities depend exponentially on the emission angle, a, which is the local emission angle. Therefore, the application of theoretical models assuming an ideally flat surface used for the spectral intensity calculations can result in a serious systematic error in quantitative analysis, overlayer thickness estimations, and even misleading outcome in a non-destructive concentration depth profiling from angular-resolved spectral intensities.
3·3 Simple corrections
Several attempts to correct the impact of surface roughness on electron spectra have been published, 13, [15] [16] [17] [18] 28, [38] [39] [40] in particular procedures based on the actual (or relative) surface area 13, 28, 38, 39 or on the mean slope of individual rough features, 18 defined by Eq. (3). For example, Chatelier et al. 18 proposed three simple methods for estimating the effective tilt angle, using the angle θ as the local slope at a given point of the surface: 1/cos θ Recently, Shard et al. 41 derived a correcting factor for spherical and cylindrical surfaces covered by a thin homogeneous overlayer, called the XPS topofactor. It is defined as the ratio of the true overlayer thickness to the apparent overlayer thickness obtained by assuming that the sample is ideally planar. The procedure is recommended for macroscopic and microscopic samples that are spherical or cylindrical in shape, but not for nanoscopic samples, such as nanofibers and spherical nanoparticles. These and similar simple procedures discussed above would improve the data in particular cases. However, they only partially correct the effect of the true emission angles, fully omitting shadowing.
Gunter et al. [15] [16] [17] have published a procedure associated with measurements of the overlayer thickness on rough substrates. The authors calculated the overlayer/substrate intensity ratios for corrugated and flat surfaces for a number of overlayer thickness, experimental geometries, and various magnitudes of surface roughness. Then, they estimated the errors in the overlayer thickness and designed error maps as the dependence of the average errors in the overlayer thickness on the emission Fig. 3 Illustration of the true emission angle of electrons leaving a rough surface and the shadowing of both incidence beam and signal electrons. n is the global surface normal, ns is the local surface normal defined by angles a and β.
angles for increasing surface roughness, expressed by the relative surface area. The errors were averaged for the true overlayer thickness ranging from 0.5 to 3 times the electron attenuation length. 17 From the error maps it was possible to find the experimental geometry, called the magic angle, where the error in the overlayer thickness due to the surface roughness reached a minimum. Such an angle would be expected because the angular dependence described by Eq. (11), valid for a flat surface, intersects the dependencies measured from most of the corrugated overlayer/substrate samples of the same composition. The magic angle has been assessed to be 35 and 45 for 2-dimmensional and 3-dimmensional descriptions of the surface roughness. Similar results have also been obtained by others. 39, 40 Recent work has shown, however, that the magic angle introduced as a practical tool for reducing experimental errors induced by surface roughness in an overlayer thickness estimation is not a universal tool. 20, 23, 24, 42, 43 It depends on the type of surface roughness, the overlayer thickness value, the overlayer thickness distribution, the surface contamination, and also on electron inelastic surface excitation effects.
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3·4 Computer simulation
In this section we briefly mention several studies dealing with computer simulations of the electron spectra for rough surfaces modelled by simple geometrical shapes, e.g., triangles, spheres, hemispheres, sinusoidal surfaces, cuboids, pyramids, hollows, and cylinders. 19,48-50 They divided flat, differently oriented areas into a number of segments defined by their local areas and local orientations, and calculated the overall intensity as the sum of individual contributions, while taking into account shadowing.
Oswald and Oswald 43, 44, 46, 51 calculated the angular dependencies of the photoelectron intensities from solid surfaces with simple-shaped 3D figures of various kinds, e.g., pyramids, spheroids, islands, hollows, all covered with an overlayer. They developed a computer program for simulating the ARXPS intensities for the above-mentioned surface structures. Their results were used for ARXPS data interpretation and for the identification of artifacts occurring from the surface topography. Similarly, Mohai and Bertoti derived geometry correction factors for spherical and cylindrical surfaces, using the XPS MultiQuant software package. 45, 47 Martin-Concepcion et al. 52 have made an experimental study of the surface roughness and island formation effects in ARXPS quantification and by a simulation of ZnO nano-clusters grown on SiO2 and Al2O3 substrates, using several methods including ARXPS. They found that the ARXPS technique is very dependent on the surface roughness; for a reliable ARXPS analysis of nanometer thin films it is necessary to have independent knowledge on the real surface roughness. We follow up this idea in the next section.
3·5 Semi-empirical method
Already Chatelier et al. 18 recognized an inability to develop a general analytical procedure for the global analysis of XPS signals from surfaces of arbitrary roughness with a non-constant depth distribution of elements beneath the surface. They developed a semiempirical method, building on careful AFM surface topography mapping and a frequency histogram of the local slopes (accounting for the effects of the true emission angles, shadowing neglected). This was then incorporated into a common quantitative procedure derived for ideally flat surfaces. Such an approach can be applied to any rough surfaces covered by conformal overlayer(s). Of course, the surface roughness should be measurable and representative for the overall analyzed surface.
Olejnik et al. 23, 42 and Zemek et al. 24 have taken up the pioneering work of Chatelier et al. 18 in developing a practical procedure also incorporating electron elastic scattering effects and shadowing of signal electrons. The method relies on a fully 3D mapping of the surface roughness by AFM.
The topographical raw data is converted into a histogram of the local area distribution of slopes by applying an idea that an arbitrary rough surface can be considered as consisting of small, ideally flat facets, each of which is defined by the local area and the corresponding local normal. The total photoelectron current is then calculated within matrix formalism,
Indices i, j define the local surface normal. The shadowing effect of signal photoelectrons by rough surface structures is accounted for by introducing the index k. Then, the Tijk element represents a given facet on the sample surface that is oriented to direction i, j, simultaneously, it is visible from the analyzer entrance slit in the experimental geometry described by k. Note that Eq. (12) completely separates the surface roughness expressed by Tijk and the depth distribution of elements below the surface incorporated in the intensity matrix Iijk. The Iijk elements can be calculated by any common quantitative procedure valid for flat sample surfaces, i.e., analytically within the SLA, 2 SLA (partially) corrected for elastic scattering effects replacing IMFP by λeff = (λλtr/(λ + λtr)), 53, 54 where λtr is the transport mean free path, 3 or by MC calculations fully taking into account electron inelastic and elastic scattering. 55 The method has been tested experimentally on silicon wafers altered with photolithography to receive several corrugated surfaces forming regular parallel channels, regular envelope-like structures and pyramids (Figs. 4 -6) , all covered by a thin silicon oxide overlayer. 23 In addition, the procedure has been applied to randomly corrugated silicon surfaces (Fig. 1) produced by anodic oxidation of smooth Si(100) substrates. 24 Histograms of the local-area distribution of the slopes for the above-mentioned silicon surfaces are shown in Figs. 7 -10 . While the histogram for randomly corrugated surface is approximately Gaussian in shape, the remaining histograms are more complicated, and show several peaks that depend on the Fig. 4 AFM image of a silicon surface formed by regular parallel channels. 23 analyzed surface corrugation and the experimental geometry used. Note that the histogram for an envelope-like surface displayed in Fig. 8 shows one dominating peak associated with large-area flat facets oriented perpendicularly to the global surface normal (Fig. 5) . Figure 11 shows a typical Si 2p spectrum recorded from a silicon oxide/silicon sample surface with a silicon substrate and silicon oxide layer contributions. To separate the overlayer and substrate contributions, the measured spectral envelope was fitted using two Gaussian functions. The emission angle dependencies of the relative Si 2p substrate peak areas, ISi/(ISi + ISiOx), recorded from the corrugated silicon oxide/silicon samples, are displayed in Figs. 12 -15 . The measured data points are compared with the calculated dependencies using SLA, SLA (partially) corrected for electron elastic scattering, and an MC procedure fully accounting for electron elastic and inelastic scattering events. The solution for the ideally flat surface described by Eqs. (9) - (10) is added for a comparison. The experimental data and also the calculations based on real surface corrugation agree well, while they differ qualitatively from those of the flat surface solution, even attaining a wide maximum in the range of 40 -60 for a silicon surface formed by regular parallel channels. In the case of an envelope-like silicon surface, the measured angular dependence differs only slightly from the flat surface solution for emission angles from 0 to 70 . The reason lies in the large flat areas oriented perpendicularly to the global surface normal that dominates over the sloping areas. The influence of random surface roughness on the measured intensity is governed by the width (FWHM) of the histogram. This is clearly illustrated in Fig. 16 , where the error plot is calculated and compared with the width of the two randomly corrugated silicon samples that are being analyzed. For a narrow width the effect is weak, and when the width increases the effect becomes greater. Points, measurements; solid line, Monte Carlo calculations; dash-and-dot-line, the SLA; dash line, the SLA analytical calculations (partially) corrected for electron elastic scattering; solid line, MC calculations for a flat surface. Fig. 13 Angular dependencies of relative substrate Si 2p photoelectron peak areas, ISi/(ISi + ISiO x ), recorded from an envelope-like silicon surface, covered by 0.7 nm of silicon oxide and by 0.5 nm of carbon contamination. 23 The remainder is the same as for Fig. 12 . The semiempirical solution is otherwise laborious; however, it is a general and presently unique method suited for a realistic implementation of an arbitrary non-ideal surface topography into current quantitative procedures derived for ideally flat solid surfaces. The procedure is especially convenient in investigations of oxide layers or thin segregating films on rough surfaces. Although the method was tested on low atomic number, silicon-based samples only, it is applicable to any solid surfaces measurable by AFM.
Certainly, the method has some limitations. The first is associated with AFM surface mapping. The viewing field of AFM is in the nm range, or mostly in the μm range. Thus, one AFM image would not be representative for an overall macroscopic sample surface of 1 cm 2 . Therefore, it is recommended to use more images for the analysis. Proper surface mapping by AFM also depends on the quality of the tip. A large radius or dull tip can hardly provide a proper image of all surface protrusions, especially deep and narrow cracks and needle-like surface corrugations. Fortunately, surface areas emitting electrons from such protrusions are expected to be small.
Another possible source of uncertainty is associated with the models of electron transport used in spectra quantification. For simplicity, elastic scattering of electrons is frequently neglected. The effect of electron elastic scattering on the relative Si 2p peak areas recorded from a flat sample surface at various emission angles is illustrated in Fig. 17 . It is obvious from the figure that elastic scattering influences the measured quantity in whole angular range, not only at oblique emission angles, as it is often declared. A similar effect of elastic scattering generating a systematic error was also observed for the corrugated surfaces shown in Figs. 12 -14 . Quantitatively, the mean percentage deviations between measured and calculated angular dependencies of Si 2p photoelectron intensity using the SLA, SLA-corr., and MC procedures for flat and corrugated silicon surfaces are shown in Table 1 . 23, 24 There is another problem linked up with the omission of surface inelastic losses of electrons passing through a sample surface-vacuum interface. This effect is especially pronounced at low electron energies and oblique emission angles and, particularly, in the techniques that use primary electron beams for electron spectra excitation, where an electron passes the surface twice. [56] [57] [58] [59] [60] Note that the corrections for surface inelastic losses can be easily added in the intensity matrix Iijk in Eq. (12) .
3·6 electron spectra excited by electron beam
As suggested in Sect. 3·2, the problem of surface roughness in electron beam-induced electron spectroscopy methods is more complicated than for X-ray excitation in ARXPS, because shadowing of the electron primary beam should also be taken into account.
In AES, the influence of surface roughness on spectral intensities recorded from gold films deposited on smooth glass and rough ceramic substrates has been investigated by Holloway. 27 Surface roughness has been characterized by a stylus method. Surface slopes of nearly Gaussian shape and shadowing were considered in calculations. He found that surface roughness has influenced both absolute and relative spectral intensities.
Jablonski et al. 32 have compared EPES measurements from flat and rough silicon samples (regular parallel channels) and MC calculations of electron elastic backscattering probability for a flat sample at primary beam incidence different from normal. The results for an incidence angle of 20 with respect to the global surface normal and for primary beam energies of 200, 500, and 1000 eV are shown in Fig. 18 . An important result of their work is a demonstration that there is considerable influence of the surface roughness on elastically backscattered electron intensity, in contrast to results published earlier. 34, 35 It is evident that the effect of surface roughness can be very pronounced, especially for higher primary beam energies. In addition, the results visualize that a correction for the surface energy losses improves the agreement between the measured and calculated angular dependencies.
Importantly, less pronounced effects of surface roughness were observed at normal incidence of the primary beam. More recently, Chelda et al. 33 have compared their MC calculations of electron elastic backscattering probability from regular parallel channels on a silicon sample surface (Fig. 5) with the measured data of Ref. 32 . The comparison showed good agreement between the measured and calculated data, and confirmed a weak influence of the surface roughness at normal incidence and a stronger influence both at oblique incidence angles and at higher primary electron energies. Up to now, no semiempirical solution similar to ARXPS has been published for EPES, REELS and AES.
Concluding Remarks
As shown in Sec. 3·5, electron spectral intensities are directly and substantially influenced by the local area distribution of the slopes and by accompanying shadowing. Therefore, it is obvious that simple methods based on a single-parameter characterizing the roughness can hardly correct the influence of non-ideal surface topography properly. In such cases, the local-area distribution of the slopes is crudely approximated by an average value (usually the average slope of rough features or the rms slope, cf. Eqs. (3), (4) ) and the shadowing induced by the incidence and emission beams is completely neglected.
Computer simulations based on a guessed model in the form of simple regular geometrical units mentioned in Sect. 3·4 can help us to understand the behavior of measured angular dependencies, provided that the model of a corrugated surface resembles the analyzed sample surface.
Regardless of uncertainties associated with the semiempirical approach discussed in Sec. 3·5, the method can be applied to any corrugated solid surface, random as well as non-random, covered by one or more conformal overlayers. For the randomly corrugated surfaces the effect of the surface roughness on the electron spectra depends on the angular spread of the local area distribution of the slopes. It is significant that the semiempirical method, generally leads to improved quantitative information in electron spectroscopy, to more accurate overlayer thickness measurements, and opens a way to account for the real surface topography in non-destructive concentration depth profiling evaluated from angular-resolved spectra. Although the method was developed for ARXPS, it can be applied to other electron spectroscopy methods: AES, REELS and EPES. 18 Dependence of the elastic backscattering intensity on the emission angle, a, for primary beam incidence angle θ0 = 20 . 32 Squares and dotted line, elastic peak intensity measured for the flat silicon sample; triangles and dotted line, elastic peak intensity measured for the rough sample (regular parallel channels on a silicon sample surface, see Fig. 5 ); full circles and solid line, elastic backscattering probability calculated for the flat surface without a correction for the surface energy losses; open circles and solid line, calculated elastic backscattering probability corrected for the surface energy losses. Note that all dependencies are normalized to unity at an emission angle of 0 .
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